A number of recent reports indicate the existence of more than one type of helper T cell (I-6). A previous publication from our laboratory (3) demonstrated two types of carrier-specific helper T cells that independently and synergistically exert helper effects on the hapten-specific antibody response. One type (Thl) 1 is a more conventional helper T cell that helps hapten-specific B cells only in the presence of the relevant hapten-carrier conjugate (cognate help), whereas the other (Th2) can help B cells stimulated with hapten on a different carrier (polyclonal help). A notable difference is that Th2 possesses determinants coded for by a gene in I-J subregion of H-2 major histocompatibility complex, whereas Thx has not detectable Ia antigens. Both belonged to the Lyt-1 +, 2-, 3-subset. Similar findings have been reported by others using different experimental systems (4, 5).
BAT) was prepared as described previously (3) . A polyvalent anti-mouse Ig antiserum (antiMIg) was obtained by immunizing a rabbit twice with 100 #g of mouse Ig precipitated by 45% ammonium sulfate from normal mouse serum. Antibodies were purified by acid elution from Sepharose beads conjugated with mouse Ig that were purified from a protein A column. Fab and F(ab')2 fragments of purified anti-MIg were prepared according to the method of Nisonoff et al. (16) . Rabbit anti-goat Ig was obtained by immunizing rabbits with purified goat Ig. An anti-ThB antiserum was raised in a goat by repeated immunization of MOPC 104E myeloma cells as described by Yutoku et al. (17) . This antiserum was absorbed with Ehrlich tumor cells to remove cytotoxicity against mouse common lymphocyte antigens and were absorbed twice with an equal volume of pelleted thymocytes until no cytotoxicity against splenic T cells was detected. Monoclonal rat antibodies to mouse Thy-l.2, Lyt-2, and their arsonic acid (Ars) derivatives (Ars-anti-Lyt-1, Ars-anti-Lyt-2) were generously donated by Dr. L. A. Herzenberg. Rabbit anti-Ars antiserum prepared by immunizing rabbits with azobenzenarsonate coupled to BSA was kindly supplied by Dr. T. Hamaoka, Department of Oncogenesis, Institute of Cancer Research, Osaka University, Osaka, Japan. For indirect fluorescence staining of cells with monoctonal rat antibodies, a fluoresceinated mouse (SJL) antiserum against rat IgG was used. Anti-Ia k (A.TH anti-A.TL) was prepared in our laboratory by repeated immunization of A.TH mice with A.TL spleen ceils. 125 
Preparation of I-labeled Anti-Allotype Antibody for the Estimation of Antibody. Anti-allotype
antibodies (anti-Igh-1 a, anti-Igh-4 a, anti-Igh-1 b, anti-Igh-4 b) were labeled with 12~I by the method of solid-phase labeling as described by Tsu and Herzenberg (18) . The sources of these antibodies were C57BL/6 anti-CSW (anti-Igh-1 ~ and anti-Igh-4a), CSW anti-C57BL/6 (anti-
Igh-1 ), and SJA anti-SJL (anti-Igh-4). Purified myeloma protein from X5563 (Igh-l), MOPC31C (Igh-4"), and CBPC 101 (Igh-1 b) and Igh-4 h protein purified from normal serum of SJL were coupled to Sepharose to obtain allotype-specific reagents. The specificity of each reagent was confirmed by the radioimmunoinhibition assay (18) .
Preparation of Hapten-primed B Cells Devoid of B' Cells.
A pure B cell fraction was prepared from DNP-KLH-primed spleen cells (3 X 107 cells/ml) by treatment with a mixture of 1:50 diluted anti-BAT and monoclonal arsonic acid (Ars)-conjugated anti-Lyt-1 (10 #g/3 × 10 7 cells) at room temperature for 20 rain, followed by further incubation with 1:20 diluted rabbit anti-Ars (3 X 107 cells/ml) and guinea pig complement (C) at 37°C for 45 rain. This procedure was adopted to eliminate Lyt-I ÷, Ig + (B') cells from the B cell fraction (see below).
Preparation of Th-1 and Th-2 Specific for KLH. KLH-primed spleen cells were fractionated
into nylon-wool-adherent and -nonadherent populations as described previously (3) . In brief, 1 g of nylon wool (Leuko-Pak, Fenwal Laboratories, Morton Grove, IL) was tightly packed in a 20-ml syringe to the 10-ml level and washed with warm (37°C) Eagle's minimal essential medium (MEM) supplemented with 3% fetal calf serum (FCS) (Gibeo Laboratories, Grand Island Biological Co., Grand Island, NY). 1 × 108 spleen cells were applied to the column and incubated at 37°C for 45 min. Nylon-nonadherent cells (Thl) were eluted with 10 ml of warm medium. After washing the column with warm medium, the adherent cells (Th2) were obtained by teasing the nylon wool in chilled MEM. (19) . At the start of culture, 0.05/~g of DNP-KLH was added, then 3 d after the cultivation the culture supernatant was aspirated and replaced by an equal amount of fresh medium. The amount of antibody produced in culture supernatant was assessed by the radioimmunoassay 8 d after the initiation of culture. Schema of the experimental system are depicted in Fig. 1 .
Estimation of Anti-DNP Antibody in Culture Supernatant. Quantitation of anti-DNP antibodies of different classes was done by the solid-phase radioimmunoassay using anti-allotype reagents according to the method described by Tsu and Herzenberg (18) . The wells of polyvinyl plates (Tomy titer plate; Tomy-seiko, Tokyo, Japan) were precoated with DNP31-BSA (5/xg in 50/d), and 40 p.l of culture supernatant was applied. The plate was incubated for 1 h at room temperature, washed three times with 1% BSA in phosphate-buffered saline, and 12SI-labeled anti-allotype antibodies were applied to each well. The radioactivity bound to each well was measured by a gamma scintillation counter, and the amount of antibodies of each class was extrapolated from a plot of the standard curve made by a secondary anti-DNP antiserum from (SJL × BALB/c)F1 mice containing known levels of the four allotypes. The standard antiserum (Fig. 1 ). Fig. 2 shows the helper T cell-dependent anti-DNP antibody response of DNP-primed B cells. To this system, 1 × 10 6 cells of a B' cell fraction containing Thy-1-, Lyt-1 + nylon wool-adherent cells were added. As demonstrated in Fig. 2 , the addition of this latter cell type greatly augmented the antibody response in the range where the number of helper T cells (Thl or Th2) was suboptimal. Thus, B' cells were found to supplement the suboptimum helper effect delivered from carrier-specific T cells to induce the maximum antibody production. Table I shows the dose effect of B' cells on the IgG2a (Igh-1) and IgGa (Igh-4) anti-DNP antibody responses as determined by radioiodinated anti-allotype antibodies. The addition of the B' cell fraction enhanced the production of both classes of anti-DNP antibodies, and this enhancement was primarily dependent on the dose of B' cells.
Characterization orB' Cell in Athymic Nude Mouse. Because a normal B cell fraction
obtained by treatment with anti-Thy-1 and (3 was capable of supplementing the suboptimum helper effect, the question was asked whether such cells are present in athymic nude mouse. DNP-primed B cells and the limited number of KLH-specific Th~ from C3H mice were co-cultured to obtain basal anti-DNP antibody response. As a source of B' cells, nylon wool-adherent spleen cells of unprimed nude mice of C3H background were added to the culture. As depicted in Fig. 3 , the addition of nude spleen cells showed a definite augmenting activity, indicating that B' cells are present in athymic nude mouse.
The surface phenotype of B' cells in nude mouse was studied by the treatment of the cells with various antibodies and C. As shown in Fig. 3 , the treatment with antiThy-1.2, anti-Lyt-2, anti-Ia k, or anti-ThB did not eliminate the augmenting activity, whereas the treatment with anti-Lyt-1 and C completely abolished the activity. This indicates that the observed augmenting activity is performed by a cell type expressing activity. As shown in Table II , the trypsin-treated cells after regeneration of surface Ig still had an augmenting activity that was removed by incubation in anti-MIg dishes. These results indicate that the B' cells express endogenous Ig together with Lyt-1 antigen. Herzenberg et al. (7) reported the presence of allotype-specific helper T cells (IgTh) based on the fact that the targets of allotype-specific suppressor T cells (allotype Ts) are neither B cells nor carrier-specific Th. They demonstrated a cell type that is required for the production of one of the parental allotypes in F1 mice (24, 25) . The nature of such Ig-Th has not yet been well established. The Ig-Th being affected by allotype-specific Ts was detectable so far in the experiments only with (SJA × BALB/c)F1 and (SJL × BALB/c)F1 (7, 24, 25) , whereas Igh-gene-restricted T-B cell cooperation has not been definitively demonstrated in other systems, including ours. Whether the target of allotype Ts is, indeed, Ig-Th or the presently described B' cells has to be re-examined. As yet, the B' cell function in allotype or idiotype-suppressed animals has not been studied.
Igh-linked Restriction between B and B' Cell for the Augmentation of Antibody
The existence of Th that preferentially help B cells with restricted IgCH or IgVH (idiotype) has been reported by a number of investigators (7-14, 24, 25) . Janeway et al. (14) proposed that the Ig-Th is generated during the T cell differentiation by making contact with an Ig-related structure and that Ig-Th delivers the second signal to B cells expressing that Ig. Recent reports by Nutt et al. (26) and L'Age-Stehr (27) also indicated that Ig-Th was induced by priming of T cells with Ig-determinants of B cells. The relationship between these Ig-Th and B' cells is also unclear.
Taking all available information about Ig-restricted cell interactions together, B' cells seem to play a key role in the full-blown B cell response. As B' cells are present in unprimed athymic nude mice, they have developed independently from a thymic environment and may actually be involved in the expansion and limitation of the B cell repertoire that constitutes the immune network. As the depletion of B' cells limited the magnitude of B cell response, it is presumed that B' cells induce a series of B-B cell interactions to magnify the B cell response triggered by antigen and a limited number of T cells. This may lead to a disturbance of network. Indeed, the cooperative interaction occurs only if B' cell and B cells share IgVn genes, which suggests that B' cells are involved in the cascade reaction among the members in the network repertoire. Our subsequent studies demonstrate that the depletion of B' cells, in fact, diminishes the production of an Igh-linked major cross-reactive idiotype in the antibody formation against 4-hydroxy-3-nitro-phenylacetyl (K. Okumura et al., manuscript in preparation).
The presence of such cells in unprimed animals also suggests that B' cells may indeed constitute the internal image set of the Jerne's network formula (28) , by which idiotype and isotype restricted Th may be generated. A crucial role of B' cells in the idiotype regulation will be presented in the succeeding paper. 
